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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a board for a magnetic recording medium in which minute recesses and projections can be 
stably formed without asperity, the height of projections is made almost uniform and recorded information can be stably read out. 
SOLUTION: The substrate 1 1 of a substrate 10 for a magnetic recording medium has minute recesses and projections which 
result in 0.4 to 3.0 nm average surface roughness Ra and <14 ratio of the ten-point average roughness (Rz) to the average 
surface roughness (Ra). When the projections are cut along a plane parallel to the board surface at the position of specified depth 
from the peak of the highest projection in a specified region, the sum area of the cross sections of the projections in the cut plane 
is represented by X% to the area of the specified region of the board surface and the depth is represented by Z (X%). The ratio of 
Z (1%) to the referential value {Z (50%)-Z (1%)} is specified to <3. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.-So*the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3!n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The minute irregularity which has a projection group is formed in a substrate front face, and it is the range whose average 
side granularity on the front face of a substrate (Ra) is 0.4-3.0nm. The ratio of the ten-point average side granularity (Rz) on the 
front face of a substrate to the average side granularity on the front face of a substrate (Ra) is 14 or less. And when a projection 
group is cut from the top-most vertices of the highest projection in a predetermined field in respect of being parallel to the 
substrate front face in the location of the predetermined depth, The substrate for magnetic-recording media which formed the 
minute irregularity whose ratio of Z (1%) to a reference value {Z(50%)-Z (1%)} is three or less on the surface of the substrate when 
the depth in case the value which totaled the area of the cutting plane of each projection within the field becomes X% of the area 
of the predetermined field on the front face of a substrate was set to Z (X %). 

[Claim 2] The substrate for magnetic -recording media according to claim 1 characterized by said substrate consisting of non- 
magnetic materials, such as glass, glass ceramics, ceramics, and aluminum. 

[Claim 3] Said substrate is a substrate for magnetic-recording media according to claim 1 characterized by having ferrimagnetism 
or ferromagnetism. 

[Claim 4] Said substrate is a substrate for magnetic-recording media given in either of claim 1 to claims 3 which have the data area 
where information is recorded on the front face, and formed said minute irregularity in the data area at least. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Held of the Invention] It is related with the substrate for magnetic-recording media used for magnetic-recording media, such as an 
information recording apparatus, especially a hard disk drive unit. It is related with the substrate for magnetic-recording media used 
for the hard disk drive unit which has various heads, such as the so-called CSS. ramped loading, and a contact method, a disk, and 
an interface in more detail. 
[0002] 

[Description of the Prior Art] In order to raise the consistency of magnetic recording, preventing generating of adhesion of the 
magnetic head and a magnetic disk in the hard disk drive unit of the type with which the magnetic head surfaces at the time of 
actuation like CSS or ramped loading, and the hard disk drive unit with which the magnetic head is called the contact method which 
always touches the front face of a magnetic disk at the time of actuation and a halt, it has been necessary to form irregularity (for 
it to be about 0.4 to 3nm at surface roughness Ra) still minuter than before in a magnetic-disk front face. 

[0003] The technique which forms such minuter irregularity in the substrate front face which consists of inorganic materials, such 
as glass, by etching processing is examined partly in the past. For example, in JP.5-314456A the technique which forms irregularity 
is indicated by etching a glass substrate with the mixed solution of fluoric acid and a potassium fluoride. 
[0004] 

[Problem(s) to be Solved by the Invention] However, according to these conventional techniques, the average irregularity formed 
has this invention persons quite larger than average target minute irregularity. Then, although this invention persons examined 
target minute irregularity according to etching conditions other than said conventional technique by re-evaluating etching 
conditions, there was a case where excelled rather than the height of the average projection called asperity, and it generated 
discretely [ a high projection ] or selectively. Moreover, even if it was the case where a projection high like it calls it asperity did 
not exist, there was a case where the height of each projection became an ununiformity. 

[0005] And when the projection with uneven minute irregularity which has asperity or its height produced a magnetic disk using the 
glass substrate formed in the front face, there was a problem of causing a head crash, or generating a noise when reading the 
information recorded on the magnetic disk. 

[0006] Furthermore, the configuration of INTAFEISU between heads, such as a head which has the head at the time of the storing 
approach of a head like ramped loading and a contact method and the head at the time of a hard disk drive unit halt between disks 
or hard disk drive unit actuation, the existence of contact of a disk and various slider configurations, and floatation and a transit 
property in recent years in addition to CSS, a disk, and a head and a disk is being diversified. 

[0007] Since the design of each head, a disk, and an interface changes with manufacturers who assemble a hard disk drive unit, this 
is considered to have suggested that the granularity on the front face of a magnetic disk needed and the height of a projection 
change delicately with each assembly manufacturers. So, as for the granularity of the minute irregularity formed in a substrate front 
face, and the height of a projection, it is desirable that it is controllable to delicacy and accuracy. 

[0008] This invention is made paying attention to the trouble which exists in the above conventional techniques. The place made 
into the object can arrange the height of a projection so that it may become almost uniform, and is to offer the substrate for 
magnetic-recording media which is stabilized and can read the recorded information while being stabilized and being able to form 
minute irregularity without asperity. 
[0009] 

[Means for Solving the Problem] In order to attain the above-mentioned object, invention of the substrate for magnetic-recording 
media according to claim 1 The minute irregularity which has a projection group is formed in a substrate front face, and it is the 
range whose average side granularity on the front face of a substrate (Ra) is 0.4-3.0nm. The ratio of the ten-point average side 
granularity (Rz) on the front face of a substrate to the average side granularity on the front face of a substrate (Ra) is 14 or less. 
And when a projection group is cut from the top-most vertices of the highest projection in a predetermined field in respect of being 
parallel to the substrate front face in the location of the predetermined depth. When the depth in case the value which totaled the 
area of the cutting plane of each projection within the field becomes X% of the area of the predetermined field on the front face of 
a substrate is set to Z (X %), the ratio of Z (1%) to a reference value {Z(50%)-Z (1%)} forms the minute irregularity which is three or 
less on the surface of a substrate. 

[0010] Invention of the substrate for magnetic-recording media according to claim 2 is characterized by said substrate consisting 

of non-magnetic materials, such as glass, glass ceramics, ceramics, and aluminum, in invention according to claim 1. 

[0011] As for said substrate, invention of the substrate for magnetic-recording media according to claim 3 is characterized by 

having ferrimagnetism or ferromagnetism in invention according to claim 1. Said substrate has the data area where, as for invention 

of the substrate for magnetic-recording media according to claim 4, information is recorded on the front face in invention given in 

either of claim 1 to claims 3, and forms said minute irregularity in a data area at least. 

[0012] 

[Embodiment of the Invention] Below, the operation gestalt of this invention is explained at a detail. As shown in drawing 3 , the 
data area 14 where information is recorded is established in the periphery by the side of nothing and its magnetic-recording front 
face in the discoid to which the substrate 11 which constitutes the substrate 10 for magnetic-recording media has a circular hole 
12 at the core. 
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[0013] The ingredient which forms a substrate 11 is an inorganic material, for example, it is desirable to use the ingredient which 
begins glass and has a nonmagnetic ingredient called metals, such as glass ceramics other than glass, ceramics, and aluminum, etc. 
or ferrimagnetism, and ferromagnetism. In addition, in addition to said inorganic material, the substrate ingredient which has 
ferrimagnetism and ferromagnetism uses organic materials, such as synthetic resin, as a base material, and is obtained by 
distributing the magnetic substance, such as the fejnima^njeti such as ferromagnetics, such as metals of simple 

substances, such as iron, cobalt^ and /nickei, ahtf-thos^e^alloys, an<J a' ferrite, in the base material. 

[0014] In the data area 14 of a substrate 11, by immersion-processing or scrub processing under different processing conditions 
using an acid processing agent, continuation formation of the detailed irregularity is carried out isotropic, and the irregularity does 
not contain asperity. Immersion processing is an approach immersed into an acid processing agent under predetermined conditions 
in a substrate 1 1 . Scrub processing (or scrub etching processing) is the approach of etching, while carrying out impregnation of the 
acid processing agent to the pad formed by resin with a degree of hardness smaller than a substrate 11 etc. beforehand and 
rubbing the front face of a substrate 1 1 with this pad. 

[0015] In addition, when said asperity specifically measures the field of the arbitration of a substrate material-list side with an 
atomic force microscope (AFM). it means a high projection relatively compared with the projection which exists discretely and 
selectively in the projection which has the average height which occupies most measuring planes, and has average height. 
[0016] As an acid processing agent used for the surface treatment of a substrate 11, water solutions, such as fluoric acid, a 
sulfuric acid, a nitric acid, a phosphoric acid, and a hydrochloric acid, are mentioned, for example. Moreover, in order to raise the 
engine performance of scrub etching processing, at least one sort of additives of chelating agents, such as 
ethyl enediaminetetraacetic acid (EDTA) and a nit ROTORI acetic acid (NTA), and a surfactant may be blended with this acid 
processing agent if needed. 

[0017] By the way, generally it is known for the field of surface science in the maximum surface layer and bulk layer on the front 
face of a solid-state that a presentation differs from structure etc. in a certain form, this invention persons thought that there was 
a certain difference in the maximum surface layer and a bulk layer also about the glass substrate 1 1 , and conducted various 
experiments. For example, polish of a substrate 11 and the conditions of storage were changed, etching processing was performed, 
and the condition of the front face of the substrate 11 after the processing was observed. It found out that the conditions on the 
front face of a substrate differed for every conditions through these experiments. And the result of an experiment to this invention 
persons came to presume that the chemical deterioration layer by the cleaning agent before the mechanical deterioration layer by 
the mechanical distortion at the time of polish etc. and etching processing, the ion exchange with the storage ambient atmosphere 
of a substrate, etc. exists in an ununiformity in dozens thru/or a depth of about 1000nm from the maximum front face of a 
substrate 1 1 . 

[0018] Therefore, it is thought that the uneven existence of the deterioration layer which exists in a substrate material-list side 
which was mentioned above became a local difference in the substrate material-list side in etching processing, and generating of 
the asperity at the time of carrying out etching processing appeared. 

[0019] In addition, the insoluble or poorly soluble foreign matter produced as a cause of generating of asperity when an acid 
processing agent reacts with glass is mentioned. In this case, it is also considered that the insoluble or poorly soluble foreign matter 
itself becomes asperity, or the difference of the height by etching arises between the part to which the foreign matter has adhered, 
and the part which is not so, and asperity occurs according to the masking effect of a foreign matter in etching. 
[0020] As a desirable approach for controlling generating of asperity and forming minute irregularity, the approach of carrying out 
scrub etching for example, of the substrate material-list side is mentioned. When an acid processing agent is fluoric acid, as for the 
conditions of scrub etching, it is desirable that 0.01 - 1 % of the weight and temperature are [ 5-60 degrees C and the processing 
time ] 1 - 300 seconds for the concentration. If a reaction rate becomes late practical less when the concentration becomes lower 
than 0.01 % of the weight, and it becomes high from 1 % of the weight by one side, it will become easy to generate a foreign matter 
on the front face of a substrate 11. and the corrosion of a scrub etching system will become remarkable. Furthermore, when the 
temperature is lower than 5 degrees C, a large-sized cooling system is needed separately, on the other hand, it becomes 
remarkable, when higher than 60 degrees C difficultly fluoric acid's volatilizing concentration management, and an exhaust air facility 
is needed. 

[0021] After scrub etching under existence of an acid processing agent, immersion processing by the alkaline processing agent is 
performed. By performing this processing, it can prevent that the foreign matter which becomes the front face of a substrate 1 1 
from an alkali-metal salt deposits. That is, the endurance of a substrate 1 1 can be made to improve. As this alkaline processing 
agent, at least one sort, such as alkali-metal salts, such as a potassium hydroxide, phosphate, silicate, and aqueous ammonia, is 
used. Moreover, the additive mentioned above can also be blended with this alkaline processing agent. Furthermore, as for the 
class, concentration, and temperature of the alkaline above-mentioned processing agent, it is desirable to perform conditioning so 
that pH to which the dissolution of the silicon dioxide (Si02) which is the principal component which constitutes glass becomes 
remarkable may become 1 1 or more desirably nine or more. 

[0022] Here, asperity in case the projection X which has the larger height h2 than hi exists in the projection group which has the 
average height hi is examined. As an approach of specifying asperity concretely, the approach of determining with the absolute 
value of height is mentioned. That is, the degree of the relative height of the projection X to the projection group which has the 
average height hi is determined by taking the ratio of the height h2 of a certain projection X. and the height hi of an average 
projection. Therefore, the degree (it is henceforth called an asperity ratio and AR for short) of height is expressed with the following 
formula (1) about Projection X. 
[0023] AR=h2/h1 ...(1) 

However. AR of a formula (1) receives each asperity. Generally it is difficult for one or more asperity to exist in the substrate 
material-list side in many cases, and to. calculate hi and h2 of each projection on the other hand. Therefore, what is necessary is 
just to approximate using the known parameter which is having hi and the h binary standardized, in order to enable it to calculate 
AR value easily. 

[0024] As a parameter representing the above hi. Ra (average side granularity) is considered that Rz (ten-point average side 
granularity) is the most suitable as a parameter representing h2. AR is expressed with a degree type (2) when these parameters are 
used. 

[0025] AR=Rz/Ra ... (2) 

Measurement of the granularity containing the asperity in this invention is performed by measuring a substrate front face with the 
tapping mode AFM. As for the granularity containing said asperity, a measurement field is defined in length and the 20 micrometers 
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wide range from length and 5 micrometers wide. Average side granularity Ra and the ten-point average side granularity Rz which 
are used in case AR value is calculated are JIS. It extends to three dimensions so that arithmetical-mean-deviation-of-profile Ra 
and the ten-point average of roughness height Rz which are defined by B0601 can be applied to the above-mentioned measuring 

p ,ane - ^***4 '<5ftV l 

[0026] However, when it excels and a high^projetotion does" not exist in addition to a crevice being extremely deep as highly as a 
projection calls it asperitypeitheri\asisho l wn in drawing 1 (a) for example, if concavo-convex granularity estimates AR by Ra and Rz, 
the definition of Rz tojAR^ecomes large seemingly. In such a case, since the height of a projection group was not equal within the 
limits of R, this invention persons considered asperity and the height of a projection that an option needs to estimate it concavo- 
convex granularity. 

[0027] As an approach of evaluating the set condition of the height of a projection of minute irregularity, by making the main height 
of a concavo-convex field into datum level, a projection group is cut in respect of being parallel to the datum level located in the 
height of arbitration from this datum level, and the approach of measuring the number of projections cut is mentioned. At this time, 
the main height of a concavo-convex field is height which averaged the depth of all the crevices in the substrate front face from 
this field, and the height of a projection on the basis of the field of a certain arbitration, and is height when levelling all the 
concavo-convex fields. 

[0028] It is thought that this assessment approach will be the same approach as assessment of AR by Rz/Ra if the height which 
averaged the depth of all crevices and the height of a projection is considered to be Ra. However, when the granularity of the 
concavo-convex field in a measuring plane itself is large as mentioned above, the height of datum level may become the height and 
the equivalent of an average projection, or it may become low, and another parameter which is not related as for the granularity of 
a concavo-convex field estimates the set condition of the height of a projection. And this invention persons considered using a 
bearing depth (Z (X %)} as a parameter. 

[0029] Here, a bearing depth {Z (X %)} is explained. As shown in drawing 1 (b), when the field of arbitration is measured with an 
atomic force microscope (AFM) etc., it cuts in respect of extending a projection group in a measuring plane and parallel in the 
location of the predetermined depth [ in this measurement field ] from the top-most vertices of highest projection. As shown in 
drawing 2 . the depth from the top-most vertices of highest projection in case the value which totaled the area of the cutting plane 
of a projection group in this field becomes X% of the area of a measurement field is a bearing depth {Z (X %)}. 

[0030] How to specify AR using this bearing depth {Z (X %)} is examined. When a bearing depth {Z (X %)} cuts a projection group in 
the field located in the depth of arbitration from the top-most vertices of highest projection paying attention to having specified the 
depth from the top-most vertices of a projection, this invention persons made the projection group X which has the top-most 
vertices which do not reach this field the projection group which has average height, and considered the projection Y of the 
projection group cut to this to be asperity. And I thought that there was so little asperity that the difference of the height of the 
projection group X and the height of Projection Y is so small that [ that is, ] the height of Projection Y is low, and the projection 
group to which height was equal was obtained. The degree of the relative height of the projection Y to the projection group X which 
has the average height h3 is determined by taking a ratio with the depth h4 from the projection Y to the height h3 of the projection 
group X to the projection group X. Therefore, AR about Projection Y is expressed with the following type (3). 
[0031] AR=h4/h3 ...(3) 

Here, when the height of Projection Y is set to h5. the height h3 of the projection group X is expressed by the following formula (4) 
by the depth h4 and height h5. 
[0032] h3=h5-h4 ... (4) 

The above-mentioned formula (3) is expressed with the following formula (5) from the relation of the above-mentioned formula (4). 
AR=h4/(h5-h4) ... (5) 

In case this invention persons specify AR, using a bearing depth [Z (X %)} as a parameter representing the above h4, Z (1%) is 
considered to be the most suitable from the paper of Ishihara and others considered as reference. That is, when CSS is evaluated 
using the magnetic-recording medium in which the island-like bump with the flat parietal region was formed according to Ishihara 
and others, if the surface ratio of the bump parietal region has the best CSS endurance before and behind 0.5 - 1% and separates 
from said range. CSS endurance shows clearly that it deteriorates remarkably (H Ishihara et al, Wear, 172 (1994) 65-72). In the 
magnetic-recording medium in which this result had the concavo-convex side where the height of two or more projections differs 
respectively The more area when the height of the projection in which the area at the time of slicing a concavo-convex field on the 
basis of the highest projection is contained by 0.5 - 1% slices a concavo-convex field is small as compared with the height of the 
projection which exists at 0.5 - 1% or more, the more The desirable thing is suggested to improvement in endurance of CSS. For 
this reason, this invention persons assumed the projection included within the limits of Z (1%) to be asperity, and were taken as the 
parameter representing h4. 

[0033] And as a parameter representing the above h5, said datum level is assumed to be the location where the sum total of the 
area of the cutting plane of a projection group becomes 50% to the area of a measuring plane, and Z (50%) is considered to be the 
most suitable. For example, the more X % is smaller than 50% in a bearing depth, it is influenced of an unusually high projection, it 
becomes easy to change the value of AR and X % is conversely larger than 50%. it is influenced of a deep crevice, is tended to 
change the value of AR, and, the more becomes. On the other hand, it is because it is thought that the value Z (50%) is a value 
which is mostly equivalent to the main height of all concavo-convex fields, and is the smallest, so variation by the measurement 
part can be made small and it becomes an effective index. [ of fluctuation of AR value by an unusually high projection or existence 
of a deep crevice ] 

[0034] AR is expressed with a degree type (6) when these parameters are used. 
AR=Z(1%)/(Z(50%)-Z (1%)J ... (6) 

Measurement of the height containing asperity is performed like measurement of granularity. Moreover, a measurement field is also 
the same range. And a bearing depth [Z (X %)) is specified as follows so that it can apply to the above-mentioned measuring plane. 
[0035] When the number of data points in an AFM measurement field is set to n, the data value of i-th AFM is set to Zi and the 
sequence of numbers which consists of Zi is set to A. a sequence of numbers A is shown like a degree type (7). 
[0036] 

Sequence of numbers A {ZI. Z2, .... Zn} ... (7) 

When the sequence of numbers which arranged Zi value of this sequence of numbers A in an order from the large thing is set to B. 

a sequence of numbers B is shown like a degree type (8). 

[0037] 



Sequence of numbers B (Z'1 . Z'2 Z'n} ... (8) 

And depth Z [ in / in the sum total of the area of the cutting plane of the projection group to the area of a measuring plane / X % ] 

(X %) is defined like a degree type (9). 

[0038] 

Z(X %) =Z'1-Z' (X/100) xn jbl*tf\ 4- 3<t% : *S ©K " ^ 

This expresses that the 5th *Z'i value is the depth at this time from the large value from the number of data points being located in 
a line in an order from what has 10 [ large ]. then the large Z'i value of a sequence of numbers B F when asking for the depth of the 
location where the sum total of the area of the cutting plane of a projection group becomes 50% from the area of a measuring plane. 
And since Z (X %) becomes an exact value the more the more there are many data points, the number of data points of a 
measurement field is carried out to beyond 65536 point (256 per die length of the side of length or width). 

[0039] AR which Ra is 0.4-3.0nm, and AR shown by concavo-convex granularity is 14 or less, and shows the glass substrate for 
magnetic disks of this invention by the bearing depth is three or less. Ra is 0.4-1. Onm more preferably, and AR shown by concavo- 
convex granularity is 1 1 or less, and AR shown by the bearing depth is two or less. Not to mention CSS. this substrate fits 
utilization to the magnetic recording medium of ramped loading or a contact method, and can solve the problem of densification and 
adhesion simultaneously. 

[0040] Next, the presentation at the time of using a substrate ingredient as glass is explained. Although both alumino silicate glass 
gtass ceramics soda lime glass, etc. are used, the alumino silicate glass which expresses with mol % and has the following 
presentations is suitable for the glass as a substrate ingredient. This alumino silicate glass is because the detailed irregularity which 
does not have asperity can be formed in a substrate material-list side. 
[0041] 

Oxidation silicon (Si02) 40 - 72% Aluminum oxide (aluminum 203) 0.5 - 25% Lithium oxide (Li20) 0 - 22% Sodium oxide (Na20) 0 - 
14% Potassium oxide (K20) 0-10%, R20 2 - 30% However, R2 0=Li2 0+Na2 0+K20 Magnesium oxide (MgO) 0 - 25% Calcium oxide 
(CaO) 0 - 25% Strontium oxide (SrO) 0-10% Barium oxide (BaO) 0 - 10%, RO 0 - 40% However. RO=MgO+CaO+SrO+BaO Titanium 
oxide (Ti02) 0-10% The glass with which the sum total of the component of 0 - 10% or more of zirconium dioxides (Zr02) has 
such [ 95% or more ] a presentation It can manufacture with a float glass process, and melting temperature is low. and the water 
resisting property and weatherability after chemical-strengthening processing are good, and, moreover, have an usable expansion 
coefficient combining metal goods. A float glass process is an approach of holding melting tin, flowing melting glass from an end all 
over the hot bus which made up space the reducing atmosphere, extending glass from the other end, and manufacturing tabular 
glass. According to this float glass process, the glass obtained has parallel both sides, while there is no distortion and there is 
surface gloss, high production is possible, modification of the board width is also easy, and it is also easy to attain automation. 
[0042] In the above glass presentations. Si02 is the major component of glass and is an indispensable constituent. When the 
content is less than 40 % of the weight, the water resisting property after the ion exchange for consolidation processing gets worse, 
and when exceeding 72 % of the weight, while the viscosity of glass melt becomes high too much and melting and shaping become 
difficult, an expansion coefficient becomes small too much. 

[0043] aluminum 203 is a component required in order to make an ion-exchange rate quick and to raise the water resisting 
property after the ion exchange. When exceeding 25 % of the weight, while such effectiveness is inadequate when the content is 
less than 0.5 % of the weight, the viscosity of glass melt becomes high too much and melting and shaping become difficult, an 
expansion coefficient becomes small too much. 

[0044] Li20 is a component which raises solubility while being an indispensable constituent for performing the ion exchange. When 
the content exceeds 22 % of the weight, while the water resisting property after the ion exchange gets worse, liquid phase 
temperature goes up and shaping becomes difficult. 

[0045] Na20 is a component which raises solubility. When the content exceeds 14 % of the weight, the water resisting property 
after the ion exchange gets worse. Moreover, K20 is a component which raises solubility, and when the content exceeds 10 % of 
the weight, the surface pressure shrinkage stress after the ion exchange declines. 

[0046] furthermore, the total of the above-mentioned U20, Na20, and K20 — when R20 is less than 2 % of the weight, while the 
viscosity of glass melt becomes high too much and melting and shaping become difficult, when an expansion coefficient becomes 
small too much and exceeds 30 % of the weight, the water resisting property after the ion exchange gets worse. 
[0047] MgO is a component which raises solubility, when exceeding 25 % of the weight, liquid phase temperature goes up and 
shaping becomes difficult. CaO is an indispensable component for adjusting an ion-exchange rate while being a component which 
raises solubility. When the content exceeds 25 % of the weight, liquid phase temperature goes up and shaping becomes difficult. SrO 
is a component effective in lowering liquid phase temperature while being a component which raises solubility. When the content 
exceeds 10 % of the weight, while the consistency of glass becomes large, a manufacturing cost rises. BaO is a component effective 
in lowering liquid phase temperature while being a component which raises solubility. When the content exceeds 10 % of the weight, 
while the consistency of glass becomes large, a manufacturing cost rises. 

[0048] Furthermore, when the sum total RO of Above MgO, CaO, SrO. and BaO exceeds 40 % of the weight, liquid phase 
temperature goes up and shaping becomes difficult. When Ti02 exceeds 10 % of the weight, while the quality of a glass base 
deteriorates, a manufacturing cost rises. When Zr02 exceeds 10 % of the weight, the melting temperature of a glass base or 
viscosity goes up, and manufacture of a glass substrate ingredient tends to become difficult. 

[0049] As for said glass, it is desirable to perform chemical-strengthening processing to the front face in order to maintain the 
reinforcement demanded as a substrate for magnetic-recording media. It is immersed into the fused salt containing the metal ion of 
monovalence with a bigger ionic radius than the metal ion of monovalence with which glass is contained during that presentation, 
and this chemical-strengthening processing is performed by carrying out the ion exchange of the metal ion in glass, and the metal 
ion in fused salt. 

[0050] For example, by being immersed into the potassium-nitrate solution which had the glass substrate heated, the sodium ion 
near the glass substrate front face is transposed to the potassium ion which has a bigger ionic radius than it, as a result, 
compressive stress acts, and a glass substrate front face is strengthened. Moreover, a glass substrate may be immersed from 30 
minutes for 1 hour into the mixed solution of a silver nitrate (0.5 - 3%). and a potassium nitrate (97 - 99.5%). Complex ion permeates 
a glass substrate front face promptly by that cause, and the consolidation on the front face of a glass substrate is promoted. 
Moreover, it can replace with the mixed solution of a silver nitrate and a potassium nitrate, and the mixed solution of a potassium 
nitrate and a sodium nitrate can be used. 

[0051] New irregularity can be formed by giving processing means, such as an exposure of a laser beam, further to fields other than 
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data area 14 of the substrate 11 with which the minute irregularity which does not have asperity in a front face as mentioned above 
was formed. High power is easily obtained for what was obtained as a laser beam by being wavelength as it is or carrying out 
wavelength conversion of the YAG laser at the wavelength of 1/2 and a quadrant, and it is desirable from equipment being 
comparatively cheap. 

[0052] Moreover, as glass which constitutes a substrate 11, the absorption-ofHight multiplier of the glass in the wavelength of 
266nm of a laser beam is desirable from the ability of the thing of)the ; range of 20-2000mm-1 to form new irregularity with a 
sufficient precision. The projection formed. of /the.^ exposure of a laser beam is the thing of a flat-surface circle configuration, and is 
arranged almost regularly. This projection is range 1-20 micrometers and whose spacing 5-100nm and a diameter are 1-100 
micrometers for height. 

[0053] Next, a substrate layer, a magnetic layer, a protective layer, etc. are formed in order of sputtering, and a magnetic-recording 
medium is produced by the front face of the substrates 1 1, such as a glass substrate obtained as mentioned above, by it. 
Specifically as a substrate layer, a carbonaceous (C) layer etc. is mentioned as the layer of chromium (Cr)-molybdenum (Mo), and a 
magnetic layer as the layer of a cobalt (Co)-platinum (Pt)-chromium (Cr)-tantalum (Ta). and a protective layer. Furthermore, the 
lubricating layer by the thing of a perfluoro polyether system may be formed as lubricant on it. 
[0054] According to the above operation gestalten, the following effectiveness is demonstrated. 

- Average side granularity Ra on the front face of a substrate is 0.4~3.0nm, and the ratio of the ten-point average side granularity 
(Rz) on the front face of a substrate to the average side granularity on the front face of a substrate (Ra) is 14 or less. And since 
the ratio of Z (1%) to the reference value {Z(50%)-Z (1%)} by the bearing depth formed the minute irregularity which is three or less, 
while being stabilized and being able to form minute irregularity without asperity The height of a projection can be arranged so that 
it may become almost uniform, it is stabilized and the recorded information can be read. 

[0055] - By having formed the substrate 1 1 by the non-magnetic material, it is magnetized in the direction of a field parallel to a 
substrate 11, and when it is the magnetic-recording medium of the longitudinal direction recording method by which information is 
recorded, the magnetic layer prepared on the substrate 11 can cancel the nonconformity of the serf-demagnetization produced by 
being influenced of the MAG from a substrate 11. 

[0056] - By having formed the substrate 1 1 with the magnetic material, it is magnetized for example, in the thickness direction, and 
when it is the magnetic-recording medium of vertical magnetic recording by which information is recorded, the substrate film etc. 
can be omitted and constituted, the film configuration prepared on a substrate 11 can be simplified, and thickness can be made thin. 

[0057] - When reading the information on which the magnetic head etc. was recorded by having prepared minute irregularity in the 
data area 14, it can prevent that a head head sticks to the front face of a data area 14, and it is stabilized and read-out of 
information can be performed. 

[0058] - By forming new irregularity in fields other than data area 14 by giving processing means, such as an exposure of a laser 
beam, in the magnetic-recording medium of CSS, a field for a slider to stabilize and make take-off and landing can be formed, and 
the field for cleaning foreign matters, such as detailed dust (contamination) to which it adhered in the slider side, can be prepared in 
the magnetic-recording medium of ramped loading. 
[0059] 

[Example] Hereafter, an example and the example of a comparison are given and said operation gestart is explained still more 
concretely. In addition, this invention is not limited to those examples. 

(Example 1) After carrying out precision polish of the front face of an alumino silicate glass substrate ingredient with a diameter of 
2.5 inches by which the chemical strengthening was carried out, scrub washing was carried out using pure water. Subsequently, it 
pulled up, after being immersed for 1.5 minutes, carrying out scrub etching in a 35-degree C fluoric acid water solution by 
concentration 0.1% of the weight, and after being further immersed in the pottasium hydroxide solution of pH12 for 2.5 minutes, it 
pulled up. Then, scrub washing was again carried out using pure water. This was made into the sample of an example 1. 
(Example 2) After carrying out precision polish of the front face of an alumino silicate glass substrate ingredient with a diameter of 
2.5 inches and setting Ra of the front face to 0.3-0.6nm, scrub washing was carried out using pure water. Next, after being 
immersed rocking a glass substrate for 2.5 minutes in a 50-degree C fluoric acid (HF) water solution at 0.1 % of the weight, the 
rinse was carried out by hot pure water, and the drug solution was removed. Then, soak cleaning was carried out rocking for 2.5 
minutes in the potassium -hydroxide water solution adjusted to pH12, the rinse was carried out with hot pure water and pure water 
after that, and the drug solution was removed. Next, irradiating a supersonic wave at the bath of isopropyl alcohol, soak cleaning of 
the glass substrate was carried out, and, finally it was dried for 1 minute in the isopropyl alcohol steam. 

[0060] Next, in the solution containing a potassium, the ion exchange was performed and chemical-strengthening processing was 
performed. Then, after fully washing the salt adhering to a glass substrate front face by rinsing, irradiating a supersonic wave for 30 
seconds in the potassium-hydroxide water solution adjusted to pH11, soak cleaning was carried out, and scrub washing was 
performed continuously. Next, soak cleaning was carried out, irradiating a supersonic wave for 160 seconds in the potassium- 
hydroxide water solution again adjusted to pH11. Subsequently, repeating the actuation which immerses and carries out a rinse to a 
pure-water bath several times, and irradiating a supersonic wave then at the bath of isopropyl alcohol, soak cleaning of the glass 
substrate was carried out. and, finally it was dried for 1 minute in the isopropyl alcohol steam. This was made into the sample of an 
example 2. 

(Example 3) After carrying out precision polish of the front face of an alumino silicate glass substrate ingredient with a diameter of 
2.5 inches by which the chemical strengthening was carried out. scrub washing was carried out using pure water. Next, it pulled up, 
after being immersed rocking a glass substrate for 30 minutes in a 40-degree C fluoric acid (HF) water solution at 0.03 % of the 
weight, and after being immersed for 2.5 minutes in the potassium-hydroxide water solution further adjusted to pH12, it pulled up. 
Then, scrub washing was again carried out using pure water. This was made into the sample of an example 3. 

(Example 4) After carrying out precision polish of the front face of an alumino silicate glass substrate ingredient with a diameter of 
2.5 inches by which the chemical strengthening was carried out. scrub washing was carried out using pure water. Subsequently, 
raising and after being immersed carrying out a rinse with pure water and rocking for 30 minutes in a 27-degree C fluoric acid water 
solution by concentration further 0.01% of the weight, after being immersed rocking for 2.5 minutes in a 50-degree C fluoric acid 
water solution by concentration 0.1% of the weight, and being further immersed in the pottasium hydroxide solution of pH12 for 2.5 
minutes, it pulled up. Then, scrub washing was again carried out using pure water. This was made into the sample of an example 4. 
(Example 1 of a comparison) After carrying out precision polish of the front face of an alumino silicate glass substrate ingredient 
with a diameter of 2.5 inches by which the chemical strengthening was carried out, scrub washing was carried out using pure water. 
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Next it pulled up, after being immersed rocking a glass substrate for 10 minutes in 0.01% of the weight of a fluoric acid (HF) water 
solution, and after being immersed for 2.5 minutes in the potassium-hydroxide water solution further adjusted to pH12, it pulled up. 
Then, scrub washing was again carried out using pure water. This was made into the sample of the example 1 of a comparison. 
(Example 2 of a comparison) After carrying out precision polish of the front face of an alumino silicate glass substrate ingredient 
with a diameter of 2.5 inches, scrub washing was carried,.out using pure water. Next, it pulled up, after being immersed rocking a 
glass substrate for 30 minutes^n a" 40rdegree'G flfonc^acTd (HR^water solution at 0.005 % of the weight and after being immersed 
for 2.5 minutes in the potassium-hydroxide water solution further adjusted to pH13, it pulled up. Then, scrub washing was again 
carried out using pure water. This was made into the sample of the example 2 of a comparison. 

(Assessment of a minute irregularity configuration) the above-mentioned examples 1-4 and the examples 1-2 of a comparison — a 
scanning probe mold microscope (digital instrument company make — ) It observes with a 10micrometerx10micrometer visual field 
by the nano scope HI. Average side granularity Ra. It asked for the asperity ratio (Z(1%)/{Z(50%)-Z (1%)}) which defined ten-point 
average side granularity by the ratio of the asperity ratio (Rz/Ra) which is the value broken by average side granularity, and a 
bearing depth, and collected into a table 1. In addition, it had the continuous concavo-convex configuration which does not have a 
flat part substantially [ between a crevice or a projection ] isotropic [ the minute irregularity of all the measured samples ]. 
[0061] 
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As shown in a table 1, in the examples 1 and 2, each was able to produce the glass substrate with small asperity ratio (Rz/Ra) and 
asperity ratio (Z(1%)/(Z(50%)-Z (1%)}) as small [ Ra value ] as 1.0 order. Although Ra value was as small as 1.0 in the example 3, 
Rz/Ra was a little high a little as compared with 13.8 and examples 1 and 2. In addition, Z(1%)/{Z(50%)— Z (1%)} was 2.4, and was a 
little high a little as compared with examples 1 and 2. In the example 4, Ra value is a value small at 0.9, and Rz/Ra was able to 
produce 12.3 and a small glass substrate. However, although Rz/Ra was a value smaller than an example 3, Z(1%)/{Z(50%)-Z (1%)} is 
2.8, and became a big value as compared with the example 3. 

[0062] On the other hand, in the example 1 of a comparison, although Ra value was small. Rz/Ra was 32.0, Z(1%)/{Z(50%)-Z (1%)} is 
9.5, and it became quite large as compared with examples 1-4. In the example 2 of a comparison, although Ra value was small like 
the example 1 of a comparison, Rz/Ra was 17.7, and although it was a value quite smaller than the example 1 of a comparison, the 
value higher than examples 1-4 was shown. However, Z(1%)/{Z(50%)-Z (1%)} is 1.9, and the value lower than examples 3 and 4 was 
shown. 

[0063] Moreover, in the examples 1 and 2 of a comparison, it was checked that asperity exists discretely clearly also from the 
bird's-eye view of an atomic force microscope (AFM). It was shown that it is more more desirable than the above result that Ra is 
the range which is 0.4-1.0nm, and Rz/Ra is 12 or less, and Z(1%)/(Z(50%)-Z (1%)J is two or less. 

[0064] And since dispersion in the height of a projection cannot be evaluated when only Rz/Ra estimates asperity, and the asperity 
which exists discretely cannot be evaluated when Z(1%)/{Z(50%)-Z (1%)} estimates asperity conversely, it is thought effective to 
evaluate asperity by making these two into an index. 

(Assessment of the minute irregularity configuration of a magnetic-recording medium) On the front face of the substrate obtained 
in the example 1, the example 1 of a comparison, and the example 2 of a comparison By sputtering, one by one A (Titanium Ti)- 
silicon (Si) seed layer (25nm), The chromium (Cr)-(molybdenum Mo) substrate layer (25nm), the cobalt (CoMnickel nickel)- 
chromium (Cr)-tantalum (Ta) magnetic layer (20nm), and the carbon (C) protective layer (10nm) were formed. Then, the thing of a 
perfluoro polyether system was applied as lubricant, the lubricating layer (2nm) was formed, and it considered as the magnetic- 
recording medium. 

[0065] The magnetic-recording medium formed from the glass substrate of the above-mentioned example 1, the example 1 of a 
comparison, and the example 2 of a comparison was observed by the same approach as assessment of the minute irregularity 
configuration in a glass substrate, and it asked for the asperity ratio (Rz/Ra) which is the value which broke average side 
granularity Ra and ten-point average side granularity by average side granularity, and collected into a table 2. In addition, it had the 
continuous concavo-convex configuration which does not have a flat part substantially [ between a crevice or a projection ] 
isotropic [ the minute irregularity of all the measured samples ]. 
[0066] 
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As shown in a table 2. in the example 1, the example 1 of a comparison, and the example 2 of a comparison, it was checked that the 
minute irregularity containing the asperity formed in the substrate front face remains to a lubricating layer front face almost as it is. 

(Assessment of a magnetic-recording mediumTSeelco^eration was performed equipping the spindle of the hard disk drive unit of 
ramped loading with the magnetic-recording medium obtained as mentioned above, and making it rotate by 3600rpm, and surfacing 
the magnetic head with an acoustic emission sensor, and it acted as the monitor of the output of an acoustic emission sensor. 
[0067] In the magnetic-recording medium of an example 1, even if it performed seek operation, the output of the acoustic emission 
sensor which shows that the magnetic head and a magnetic disk collided was not accepted, and did not have the glide error of the 
magnetic head. Moreover, the glide hit was not produced, when premature start height was set as 15nm and the glide test was 
performed. Furthermore, the head crash was not produced although 100,000 times of seek operation was repeated. 
[0068] In the magnetic-recording medium of the example 1 of a comparison, when seek operation was performed, the output of an 
acoustic emission sensor was accepted. Moreover, when 100,000 times of seek operation was repeated, the head crash arose on 
the way. Also in the magnetic-recording medium of the example 2 of a comparison, the head crash arose on the way as a result of 
the seek operation whose outputs of an acoustic emission sensor are private seals and 100.000 times like the example 1 of a 
comparison. 

[0069] In addition, it changes as follows and this operation gestalt can also take shape. 

- All over the front face of the substrate 11 including a data area 14, the minute irregularity whose Ra is the range which is 0.4- 
3.0nm, whose Rz/Ra is 14 or less and whose Z(1%)/{Z(50%)-Z (1%)J is three or less may be formed. 

[0070] Thus, when constituted, the minute irregularity which controlled generating of asperity can be formed also in fields other 
than data area 14. 

- Minute irregularity is not limited to what is formed of scrub etching processing, but may be formed by immersion processing. 
[0071] Thus, minute irregularity can be formed also by immersion processing under predetermined conditions. Furthermore, the 
technical thought grasped from said operation gestalt is indicated below. 

[0072] - It is the range whose average side granularity on the front face of a substrate (Ra) is 0.4-1. Onm. The ratio of the ten-point 
average side granularity (Rz) on the front face of a substrate to the average side granularity on the front face of a substrate (Ra) is 
12 or less. The substrate for magnetic-recording media given in either of claim 1 to claims 4 in which the minute irregularity whose 
ratio of Z (1%) to a reference value {Z(50%)-Z (1%)} is two or less was formed on the surface of the substrate. 
[0073] Thus, when constituted, the configuration and granularity of minute irregularity which are formed in a substrate front face 
can be made still more suitable. - Said substrate is a substrate for magnetic-recording media according to claim 2 or 4 which is a 
glass substrate and is characterized by forming detailed irregularity by scrub etching. 

[0074] Thus, when constituted, the configuration and granularity of minute irregularity which are formed in a substrate front face 

can be controlled suitably. 

[0075] 

[Effect of the Invention] According to this invention, the following effectiveness is done so as explained in full detail above. While 
according to the substrate for magnetic-recording media of invention according to claim 1 being stabilized and being able to form 
minute irregularity without asperity, the height of a projection can be arranged so that it may become almost uniform, it is stabilized 
and the recorded information can be read. 

[0076] According to the substrate for magnetic-recording media of invention according to claim 2. in addition to an effect of the 
invention according to claim 1, it is stabilized and the magnetic layer prepared on a substrate can be formed. If it is the magnetic- 
recording medium of vertical magnetic recording, since the substrate film etc. is [ according to the substrate for magnetic- 
recording media of invention according to claim 3 ] omissible in addition to an effect of the invention according to claim 1, the film 
configuration prepared on a substrate can be simplified and thickness can be made thin. 

[0077] According to the substrate for magnetic-recording media of invention according to claim 4, it is stabilized more and the 
information which is recorded on either of claims 3 in addition to the effect of the invention of a publication can be read from claim 
1. 
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TECHNICAL FIELD 



[Field of the Invention] It is related with the substrate for magnetic-recording media used for magnetic -recording media, such as an 
information recording apparatus, especially a hard disk drive unit. It is related with the substrate for magnetic-recording media used 
for the hard disk drive unit which has various heads, such as the so-called CSS, ramped loading, and a contact method, a disk, and 
an interface in more detail. 
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PRIOR ART 



[Description of the Prior Art] In order to raise the consistency of magnetic recording, preventing generating of adhesion of the 
magnetic head and a magnetic disk in the hard disk drive unit of the type with which the magnetic head surfaces at the time of 
actuation like CSS or ramped loading, and the hard disk drive unit with which the magnetic head is called the contact method which 
always touches the front face of a magnetic disk at the time of actuation and a halt, it has been necessary to form irregularity (for 
it to be about 0.4 to 3nm at surface roughness Ra) still minuter than before in a magnetic-disk front face. 

[0003] The technique which forms such minuter irregularity in the substrate front face which consists of inorganic materials, such 
as glass, by etching processing is examined partly in the past. For example, in JP,5-314456,A, the technique which forms irregularity 
is indicated by etching a glass substrate with the mixed solution of fluoric acid and a potassium fluoride. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] According to this invention, the following effectiveness is done so as explained in full detail above. While 
according to the substrate for magnetic-recording media of invention according to claim 1 being stabilized and being able to form 
minute irregularity without asperity, the height of a projection can be arranged so that it may become almost uniform, it is stabilized 
and the recorded information can be read. 

[0076] According to the substrate for magnetic-recording media of invention according to claim 2, in addition to an effect of the 
invention according to claim 1. it is stabilized and the magnetic layer prepared on a substrate can be formed. If it is the magnetic- 
recording medium of vertical magnetic recording, since the substrate film etc. is [ according to the substrate for magnetic- 
recording media of invention according to claim 3 ] omissible in addition to an effect of the invention according to claim 1, the film 
configuration prepared on a substrate can be simplified and thickness can be made thin. 

[0077] According to the substrate for magnetic-recording media of invention according to claim 4, it is stabilized more and the 
information which is recorded on either of claims 3 in addition to the effect of the invention of a publication can be read from claim 
1. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, according to these conventional techniques, the average irregularity formed 
has this invention persons quite larger than average target minute irregularity. Then, although this invention persons examined 
target minute irregularity according to etching conditions other than said conventional technique by re-evaluating etching 
conditions, there was a case where excelled rather than the height of the average projection called asperity, and it generated 
discretely [ a high projection ] or selectively. Moreover, even if it was the case where a projection high like it calls it asperity did 
not exist, there was a case where the height of each projection became an ununiformity. 

[0005] And when the projection with uneven minute irregularity which has asperity or its height produced a magnetic disk using the 
glass substrate formed in the front face, there was a problem of causing a head crash, or generating a noise when reading the 
information recorded on the magnetic disk. 

[0006] Furthermore, the configuration of INTAFEISU between heads, such as a head which has the head at the time of the storing 
approach of a head like ramped loading and a contact method and the head at the time of a hard disk drive unit halt between disks 
or hard disk drive unit actuation, the existence of contact of a disk and various slider configurations, and floatation and a transit 
property in recent years in addition to CSS, a disk, and a head and a disk is being diversified. 

[0007] Since the design of each head, a disk, and an interface changes with manufacturers who assemble a hard disk drive unit, this 
is considered to have suggested that the granularity on the front face of a magnetic disk needed and the height of a projection 
change delicately with each assembly manufacturers. So, as for the granularity of the minute irregularity formed in a substrate front 
face, and the height of a projection, it is desirable that it is controllable to delicacy and accuracy. 

[0008] This invention is made paying attention to the trouble which exists in the above conventional techniques. The place made 
into the object can arrange the height of a projection so that it may become almost uniform, and is to offer the substrate for 
magnetic-recording media which is stabilized and can read the recorded information while being stabilized and being able to form 
minute irregularity without asperity. 
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MEANS 



[Means for Solving the Problem] In order to attain the above-mentioned object, invention of the substrate for magnetic-recording 
media according to claim 1 The minute irregularity which has a projection group is formed in a substrate front face, and it is the 
range whose average side granularity on the front face of a substrate (Ra) is 0.4-3.0nm. The ratio of the ten-point average side 
granularity (Rz) on the front face of a substrate to the average side granularity on the front face of a substrate (Ra) is 14 or less. 
And when a projection group is cut from the top-most vertices of the highest projection in a predetermined field in respect of being 
parallel to the substrate front face in the location of the predetermined depth, When the depth in case the value which totaled the 
area of the cutting plane of each projection within the field becomes X% of the area of the predetermined field on the front face of 
a substrate is set to Z (X %). the ratio of Z (1%) to a reference value {Z(50%)-Z (1%)} forms the minute irregularity which is three or 
less on the surface of a substrate. 

[0010] Invention of the substrate for magnetic-recording media according to claim 2 is characterized by said substrate consisting 

of non-magnetic materials, such as glass, glass ceramics, ceramics, and aluminum, in invention according to claim 1. 

[0011] As for said substrate, invention of the substrate for magnetic-recording media according to claim 3 is characterized by 

having ferri magnetism or ferromagnetism in invention according to claim 1 . Said substrate has the data area where, as for invention 

of the substrate for magnetic-recording media according to claim 4, information is recorded on the front face in invention given in 

either of claim 1 to claims 3. and forms said minute irregularity in a data area at least. 

[0012] 

[Embodiment of the Invention] Below, the operation gestalt of this invention is explained at a detail. As shown in drawing 3 , the 
data area 14 where information is recorded is established in the periphery by the side of nothing and its magnetic-recording front 
face in the discoid to which the substrate 11 which constitutes the substrate 10 for magnetic-recording media has a circular hole 
12 at the core. 

[0013] The ingredient which forms a substrate 11 is an inorganic material, for example, it is desirable to use the ingredient which 
begins glass and has a nonmagnetic ingredient called metals, such as glass ceramics other than glass, ceramics, and aluminum, etc. 
or ferri magnetism, and ferromagnetism. In addition, in addition to said inorganic material, the substrate ingredient which has 
ferri magnetism and ferromagnetism uses organic materials, such as synthetic resin, as a base material, and is obtained by 
distributing the magnetic substance, such as the ferrimagnetic substance, such as ferromagnetics, such as metals of simple 
substances, such as iron, cobalt, and nickel, and those alloys, and a ferrite, in the base material. 

[0014] In the data area 14 of a substrate 11, by immersion-processing or scrub processing under different processing conditions 
using an acid processing agent, continuation formation of the detailed irregularity is carried out isotropic, and the irregularity does 
not contain asperity. Immersion processing is an approach immersed into an acid processing agent under predetermined conditions 
in a substrate 11. Scrub processing (or scrub etching processing) is the approach of etching, while carrying out impregnation of the 
acid processing agent to the pad formed by resin with a degree of hardness smaller than a substrate 1 1 etc. beforehand and 
rubbing the front face of a substrate 11 with this pad. 

[0015] In addition, when said asperity specifically measures the field of the arbitration of a substrate material-list side with an 
atomic force microscope (AFM), it means a high projection relatively compared with the projection which exists discretely and 
selectively in the projection which has the average height which occupies most measuring planes, and has average height. 
[0016] As an acid processing agent used for the surface treatment of a substrate 11, water solutions, such as fluoric acid, a 
sulfuric acid, a nitric acid, a phosphoric acid, and a hydrochloric acid, are mentioned, for example. Moreover, in order to raise the 
engine performance of scrub etching processing, at least one sort of additives of chelating agents, such as 
ethyl enediaminetetraacetic acid (EDTA) and a nit ROTORI acetic acid (NTA), and a surfactant may be blended with this acid 
processing agent if needed. 

[0017] By the way, generally it is known for the field of surface science in the maximum surface layer and bulk layer on the front 
face of a solid-state that a presentation differs from structure etc. in a certain form, this invention persons thought that there was 
a certain difference in the maximum surface layer and a bulk layer also about the glass substrate 1 1 , and conducted various 
experiments. For example, polish of a substrate 1 1 and the conditions of storage were changed, etching processing was performed, 
and the condition of the front face of the substrate 1 1 after the processing was observed. It found out that the conditions on the 
front face of a substrate differed for every conditions through these experiments. And the result of an experiment to this invention 
persons came to presume that the chemical deterioration layer by the cleaning agent before the mechanical deterioration layer by 
the mechanical distortion at the time of polish etc. and etching processing, the ion exchange with the storage ambient atmosphere 
of a substrate, etc. exists in an ununiformity in dozens thru/or a depth of about 1000nm from the maximum front face of a 
substrate 1 1 . 

[0018] Therefore, it is thought that the uneven existence of the deterioration layer which exists in a substrate material-list side 
which was mentioned above became a local difference in the substrate material-list side in etching processing, and generating of 
the asperity at the time of carrying out etching processing appeared. 

[0019] In addition, the insoluble or poorly soluble foreign matter produced as a cause of generating of asperity when an acid 
processing agent reacts with glass is mentioned. In this case, it is also considered that the insoluble or poorly soluble foreign matter 
itself becomes asperity, or the difference of the height by etching arises between the part to which the foreign matter has adhered, 
and the part which is not so. and asperity occurs according to the masking effect of a foreign matter in etching. 
[0020] As a desirable approach for controlling generating of asperity and forming minute irregularity, the approach of carrying out 



PAGE BLANK mn 0) 



scrub etching for example, of the substrate material-list side is mentioned. When an acid processing agent is fluoric acid, as for the 
conditions of scrub etching, it is desirable that 0.01 - 1 % of the weight and temperature are [ 5-60 degrees C and the processing 
time ] 1 - 300 seconds for the concentration. If a reaction i rat^becomes late practical less when the concentration becomes lower 
than 0.01 % of the weight, and it becomes high from \'$> of thVweight by one side, it will become easy to generate a foreign matter 
on the front face of a substrate' 1 1 , and the corrosion of a scrub etching system will become remarkable. Furthermore, when the 
temperature is lower than 5 degrees C, a large-sized cooling system is needed separately, on the other hand, it becomes 
remarkable, when higher than 60 degrees C difficultly fluoric acid's volatilizing concentration management, and an exhaust air facility 
is needed. 

[0021] After scrub etching under existence of an acid processing agent, immersion processing by the alkaline processing agent is 
performed. By performing this processing, it can prevent that the foreign matter which becomes the front face of a substrate 1 1 
from an alkali-metal salt deposits. That is, the endurance of a substrate 1 1 can be made to improve. As this alkaline processing 
agent, at least one sort, such as alkali-metal salts, such as a potassium hydroxide, phosphate, silicate, and aqueous ammonia, is 
used. Moreover, the additive mentioned above can also be blended with this alkaline processing agent. Furthermore, as for the 
class, concentration, and temperature of the alkaline above-mentioned processing agent, it is desirable to perform conditioning so 
that pH to which the dissolution of the silicon dioxide (Si02) which is the principal component which constitutes glass becomes 
remarkable may become 1 1 or more desirably nine or more. 

[0022] Here, asperity in case the projection X which has the larger height h2 than hi exists in the projection group which has the 
average height hi is examined. As an approach of specifying asperity concretely, the approach of determining with the absolute 
value of height is mentioned. That is, the degree of the relative height of the projection X to the projection group which has the 
average height hi is determined by taking the ratio of the height h2 of a certain projection X, and the height hi of an average 
projection. Therefore, the degree (it is henceforth called an asperity ratio and AR for short) of height is expressed with the following 
formula (1) about Projection X. 
[0023] AR=h2/h1 ...(1) 

However. AR of a formula (1) receives each asperity. Generally it is difficult for one or more asperity to exist in the substrate 
material-list side in many cases, and to, calculate hi and h2 of each projection on the other hand. Therefore, what is necessary is 
just to approximate using the known parameter which is having hi and the h binary standardized, in order to enable it to calculate 
AR value easily. 

[0024] As a parameter representing the above hi. Ra (average side granularity) is considered that Rz (ten-point average side 
granularity) is the most suitable as a parameter representing h2. AR is expressed with a degree type (2) when these parameters are 
used. 

[0025] AR=Rz/Ra ... (2) 

Measurement of the granularity containing the asperity in this invention is performed by measuring a substrate front face with the 
tapping mode AFM. As for the granularity containing said asperity, a measurement field is defined in length and the 20 micrometers 
wide range from length and 5 micrometers wide. Average side granularity Ra and the ten-point average side granularity Rz which 
are used in case AR value is calculated are JIS. It extends to three dimensions so that arithmetical-mean-deviation-ol^profile Ra 
and the ten-point average of roughness height Rz which are defined by B0601 can be applied to the above-mentioned measuring 
plane. 

[0026] However, when it excels and a high projection does not exist in addition to a crevice being extremely deep as highly as a 
projection calls it asperity, either, as shown in drawing 1 (a) for example, if concavo-convex granularity estimates AR by Ra and Rz, 
the definition of Rz to AR becomes large seemingly. In such a case, since the height of a projection group was not equal within the 
limits of R, this invention persons considered asperity and the height of a projection that an option needs to estimate it concavo- 
convex granularity. 

[0027] As an approach of evaluating the set condition of the height of a projection of minute irregularity, by making the main height 
of a concavo-convex field into datum level, a projection group is cut in respect of being parallel to the datum level located in the 
height of arbitration from this datum level, and the approach of measuring the number of projections cut is mentioned. At this time, 
the main height of a concavo-convex field is height which averaged the depth of all the crevices in the substrate front face from 
this field, and the height of a projection on the basis of the field of a certain arbitration, and is height when levelling all the 
concavo-convex fields. 

[0028] It is thought that this assessment approach will be the same approach as assessment of AR by Rz/Ra if the height which 
averaged the depth of all crevices and the height of a projection is considered to be Ra. However, when the granularity of the 
concavo-convex field in a measuring plane itself is large as mentioned above, the height of datum level may become the height and 
the equivalent of an average projection, or it may become low, and another parameter which is not related as for the granularity of 
a concavo-convex field estimates the set condition of the height of a projection. And this invention persons considered using a 
bearing depth [Z (X %)) as a parameter. 

[0029] Here, a bearing depth (Z (X %)} is explained. As shown in drawing 1 (b), when the field of arbitration is measured with an 
atomic force microscope (AFM) etc., it cuts in respect of extending a projection group in a measuring plane and parallel in the 
location of the predetermined depth [ in this measurement field ] from the top-most vertices of highest projection. As shown in 
drawing 2 , the depth from the top-most vertices of highest projection in case the value which totaled the area of the cutting plane 
of a projection group in this field becomes X% of the area of a measurement field is a bearing depth (Z (X %)). 

[0030] How to specify AR using this bearing depth [Z (X %)} is examined. When a bearing depth {Z (X %)} cuts a projection group in 
the field located in the depth of arbitration from the top-most vertices of highest projection paying attention to having specified the 
depth from the top-most vertices of a projection, this invention persons made the projection group X which has the top-most 
vertices which do not reach this field the projection group which has average height, and considered the projection Y of the 
projection group cut to this to be asperity. And I thought that there was so little asperity that the difference of the height of the 
projection group X and the height of Projection Y is so small that [ that is, ] the height of Projection Y is low, and the projection 
group to which height was equal was obtained. The degree of the relative height of the projection Y to the projection group X which 
has the average height h3 is determined by taking a ratio with the depth h4 from the projection Y to the height h3 of the projection 
group X to the projection group X. Therefore, AR about Projection Y is expressed with the following type (3). 
[0031] AR=h4/h3 ... (3) 

Here, when the height of Projection Y is set to h5, the height h3 of the projection group X is expressed by the following formula (4) 
by the depth h4 and height h5. 
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[0032] h3=h5-h4 ... (4) 

The above-mentioned formula (3) is expressed with the following formula (5) from the relation of the above-mentioned formula (4). 
AR=h4/(h5-h4) ... (5) 

In case this invention persons specify AR, using a bearing depth (Z (X %)} as a parameter representing the above h4, Z (1%) is 
considered to be the most suitable from^the paper of Ishiharafaq^x)thers considered as reference. That is, when CSS is evaluated 
using the magnetic-recording 'medium in whichLthe^isTarid-like-bump with the flat parietal region was formed according to Ishihara 
and others, if the surface ratio of the bump parietal region has the best CSS endurance before and behind 0.5 - 1% and separates 
from said range, CSS endurance shows clearly that it deteriorates remarkably (H Ishihara et al. Wear, 172 (1994) 65-72). In the 
magnetic-recording medium in which this result had the concavo-convex side where the height of two or more projections differs 
respectively The more area when the height of the projection in which the area at the time of slicing a concavo-convex field on the 
basis of the highest projection is contained by 0.5 - 1% slices a concavo-convex field is small as compared with the height of the 
projection which exists at 0.5-1% or more, the more The desirable thing is suggested to improvement in endurance of CSS. For 
this reason, this invention persons assumed the projection included within the limits of Z (1%) to be asperity, and were taken as the 
parameter representing h4. 

[0033] And as a parameter representing the above h5. said datum level is assumed to be the location where the sum total of the 
area of the cutting plane of a projection group becomes 50% to the area of a measuring plane, and Z (50%) is considered to be the 
most suitable. For example, the more X % is smaller than 50% in a bearing depth, it is influenced of an unusually high projection, it 
becomes easy to change the value of AR and X % is conversely larger than 50%, it is influenced of a deep crevice, is tended to 
change the value of AR, and, the more becomes. On the other hand, it is because it is thought that the value Z (50%) is a value 
which is mostly equivalent to the main height of all concavo-convex fields, and is the smallest, so variation by the measurement 
part can be made small and it becomes an effective index. [ of fluctuation of AR value by an unusually high projection or existence 
of a deep crevice ] 

[0034] AR is expressed with a degree type (6) when these parameters are used. 
AR=Z(1%)/{Z(50%)-Z (1%)} ... (6) 

Measurement of the height containing asperity is performed like measurement of granularity. Moreover, a measurement field is also 
the same range. And a bearing depth {Z (X %)} is specified as follows so that it can apply to the above-mentioned measuring plane. 
[0035] When the number of data points in an AFM measurement field is set to n, the data value of i-th AFM is set to Zi and the 
sequence of numbers which consists of Zi is set to A, a sequence of numbers A is shown like a degree type (7). 
[0036] 

Sequence of numbers A {Z1, Z2 Zn} ... (7) 

When the sequence of numbers which arranged Zi value of this sequence of numbers A in an order from the large thing is set to B, 

a sequence of numbers B is shown like a degree type (8). 

[0037] 

Sequence of numbers B (Z'1, Z'2, Z'n} ... (8) 

And depth Z [ in / in the sum total of the area of the cutting plane of the projection group to the area of a measuring plane / X % ] 

(X %) is defined like a degree type (9). 

[0038] 

Z(X %) =Z'1-Z' (X/100) xn ... (9) 

This expresses that the 5th Z'i value is the depth at this time from the large value from the number of data points being located in 
a line in an order from what has 10 [ large ]. then the large Z'i value of a sequence of numbers B, when asking for the depth of the 
location where the sum total of the area of the cutting plane of a projection group becomes 50% from the area of a measuring plane. 
And since Z (X %) becomes an exact value the more the more there are many data points, the number of data points of a 
measurement field is carried out to beyond 65536 point (256 per die length of the side of length or width). 

[0039] AR which Ra is 0.4-3.0nm, and AR shown by concavo-convex granularity is 14 or less, and shows the glass substrate for 
magnetic disks of this invention by the bearing depth is three or less. Ra is 0.4-1. Onm more preferably, and AR shown by concavo- 
convex granularity is 1 1 or less, and AR shown by the bearing depth is two or less. Not to mention CSS, this substrate fits 
utilization to the magnetic recording medium of ramped loading or a contact method, and can solve the problem of densification and 
adhesion simultaneously. 

[0040] Next, the presentation at the time of using a substrate ingredient as glass is explained. Although both alumino silicate glass 
glass ceramics soda lime glass, etc. are used, the alumino silicate glass which expresses with mol % and has the following 
presentations is suitable for the glass as a substrate ingredient. This alumino silicate glass is because the detailed irregularity which 
does not have asperity can be formed in a substrate material-list side. 
[0041] 

Oxidation silicon (Si02) 40 - 72% Aluminum oxide (aluminum 203) 0.5 - 25% Lithium oxide (Li20) 0 - 22% Sodium oxide (Na20) 0 - 
14% Potassium oxide (K20) 0-10%. R20 2 - 30% However, R2 0=Li2 0+Na2 0+K20 Magnesium oxide (MgO) 0 - 25% Calcium oxide 
(CaO) 0 - 25% Strontium oxide (SrO) 0-10% Barium oxide (BaO) 0 - 10%. RO 0 - 40% However, RO=MgO+CaO+SrO+BaO Titanium 
oxide (Ti02) 0-10% The glass with which the sum total of the component of 0 - 10% or more of zirconium dioxides (Zr02) has 
such [ 95% or more ] a presentation It can manufacture with a float glass process, and melting temperature is low, and the water 
resisting property and weatherability after chemical -strengthening processing are good, and, moreover, have an usable expansion 
coefficient combining metal goods. A float glass process is an approach of holding melting tin, flowing melting glass from an end all 
over the hot bus which made up space the reducing atmosphere, extending glass from the other end, and manufacturing tabular 
glass. According to this float glass process, the glass obtained has parallel both sides, while there is no distortion and there is 
surface gloss, high production is possible, modification of the board width is also easy, and it is also easy to attain automation. 
[0042] In the above glass presentations, Si02 is the major component of glass and is an indispensable constituent. When the 
content is less than 40 % of the weight, the water resisting property of ion-exchange Ushiro for consolidation processing gets 
worse, and when exceeding 72 % of the weight, while the viscosity of glass melt becomes high too much and melting and shaping 
become difficult, an expansion coefficient becomes small too much. 

[0043] aluminum 203 is a component required in order to make an ion-exchange rate quick and to raise ion-exchange Ushiro's 
water resisting property. When exceeding 25 % of the weight, while such effectiveness is inadequate when the content is less than 
0.5 % of the weight, the viscosity of glass melt becomes high too much and melting and shaping become difficult, an expansion 
coefficient becomes small too much. 
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[0044] Li20 is a component which raises solubility while being an indispensable constituent for performing the ion exchange. When 
the content exceeds 22 % of the weight, while ion-exchange Ushiro's water resisting property gets worse, liquid phase temperature 
goes up and shaping becomes difficult. 

[0045] Na20 is a component which raises solubility. When the content exceeds 14 % of the weight ion-exchange Ushiro's water 
resisting property gets worse. Moreover, K20 is a con^pnen^which raises solubility, and when the content exceeds 10 % of the 
weight, ion-exchange Ushiro's surface pressurejshrinkage stress declines. 

[0046] furthermore, the totel',ot;the above-mentioned Li20, Na20, and K20 — when R20 is less than 2 % of the weight, while the 
viscosity of glass melt becomes high too much and melting and shaping become difficult, when an expansion coefficient becomes 
small too much and exceeds 30 % of the weight, ion-exchange Ushiro's water resisting property gets worse. 
[0047] MgO is a component which raises solubility, when exceeding 25 % of the weight, liquid phase temperature goes up and 
shaping becomes difficult. CaO is an indispensable component for adjusting an ion-exchange rate while being a component which 
raises solubility. When the content exceeds 25 % of the weight, liquid phase temperature goes up and shaping becomes difficult. SrO 
is a component effective in lowering liquid phase temperature while being a component which raises solubility. When the content 
exceeds 10 % of the weight, while the consistency of glass becomes large, a manufacturing cost rises. BaO is a component effective 
in lowering liquid phase temperature while being a component which raises solubility. When the content exceeds 10 % of the weight, 
while the consistency of glass becomes large, a manufacturing cost rises. 

[0048] Furthermore, when the sum total RO of Above MgO, CaO, SrO, and BaO exceeds 40 % of the weight, liquid phase 
temperature goes up and shaping becomes difficult. When Ti02 exceeds 10 % of the weight, while the quality of a glass base 
deteriorates, a manufacturing cost rises. When Zr02 exceeds 10 % of the weight, the melting temperature of a glass base or 
viscosity goes up, and manufacture of a glass substrate ingredient tends to become difficult. 

[0049] As for said glass, it is desirable to perform chemical-strengthening processing to the front face in order to maintain the 
reinforcement demanded as a substrate for magnetic-recording media. It is immersed into the fused salt containing the metal ion of 
monovalence with a bigger ionic radius than the metal ion of monovalence with which glass is contained during that presentation, 
and this chemical-strengthening processing is performed by carrying out the ion exchange of the metal ion in glass, and the metal 
ion in fused salt. 

[0050] For example, by being immersed into the potassium-nitrate solution which had the glass substrate heated, the sodium ion 
near the glass substrate front face is transposed to the potassium ion which has a bigger ionic radius than it, as a result, 
compressive stress acts, and a glass substrate front face is strengthened. Moreover, a glass substrate may be immersed from 30 
minutes for 1 hour into the mixed solution of a silver nitrate (0.5 - 3%), and a potassium nitrate (97 - 99.5%). Complex ion permeates 
a glass substrate front face promptly by that cause, and the consolidation on the front face of a glass substrate is promoted. 
Moreover, it can replace with the mixed solution of a silver nitrate and a potassium nitrate, and the mixed solution of a potassium 
nitrate and a sodium nitrate can be used. 

[0051] New irregularity can be formed by giving processing means, such as an exposure of a laser beam, further to fields other than 
data area 14 of the substrate 11 with which the minute irregularity which does not have asperity in a front face as mentioned above 
was formed. High power is easily obtained for what was obtained as a laser beam by being wavelength as it is or carrying out 
wavelength conversion of the YAG laser at the wavelength of 1/2 and a quadrant, and it is desirable from equipment being 
comparatively cheap. 

[0052] Moreover, as glass which constitutes a substrate 11, the absorption -ofHight multiplier of the glass in the wavelength of 
266nm of a laser beam is desirable from the ability of the thing of the range of 20-2000mm-1 to form new irregularity with a 
sufficient precision. The projection formed of the exposure of a laser beam is the thing of a flat-surface circle configuration, and is 
arranged almost regularly. This projection is range 1-20 micrometers and whose spacing 5-100nm and a diameter are 1-100 
micrometers for height. 

[0053] Next, a substrate layer, a magnetic layer, a protective layer, etc. are formed in order of sputtering, and a magnetic-recording 
medium is produced by the front face of the substrates 11, such as a glass substrate obtained as mentioned above, by it. 
Specifically as a substrate layer, a carbonaceous (C) layer etc. is mentioned as the layer of chromium (Cr)-molybdenum (Mo), and a 
magnetic layer as the layer of a cobalt (Co)-platinum (Pt)-chromium (Cr)-tantalum (Ta), and a protective layer. Furthermore, the 
lubricating layer by the thing of a perfluoro polyether system may be formed as lubricant on it. 
[0054] According to the above operation gestalten, the following effectiveness is demonstrated. 

- Average side granularity Ra on the front face of a substrate is 0.4-3.0nm. and the ratio of the ten-point average side granularity 
(Rz) on the front face of a substrate to the average side granularity on the front face of a substrate (Ra) is 14 or less. And since 
the ratio of Z (1%) to the reference value {Z(50%)-Z (1%)} by the bearing depth formed the minute irregularity which is three or less, 
while being stabilized and being able to form minute irregularity without asperity The height of a projection can be arranged so that 
it may become almost uniform, it is stabilized and the recorded information can be read. 

[0055] - By having formed the substrate 1 1 by the non-magnetic material, it is magnetized in the direction of a field parallel to a 
substrate 11, and when it is the magnetic-recording medium of the longitudinal direction recording method by which information is 
recorded, the magnetic layer prepared on the substrate 1 1 can cancel the nonconformity of the self-demagnetization produced by 
being influenced of the MAG from a substrate 1 1 . 

[0056] - By having formed the substrate 1 1 with the magnetic material, it is magnetized for example, in the thickness direction, and 
when it is the magnetic-recording medium of vertical magnetic recording by which information is recorded, the substrate film etc. 
can be omitted and constituted, the film configuration prepared on a substrate 11 can be simplified, and thickness can be made thin. 

[0057] - When reading the information on which the magnetic head etc. was recorded by having prepared minute irregularity in the 
data area 14, it can prevent that a head head sticks to the front face of a data area 14, and it is stabilized and read-out of 
information can be performed. 

[0058] - By forming new irregularity in fields other than data area 14 by giving processing means, such as an exposure of a laser 
beam, in the magnetic-recording medium of CSS, a field for a slider to stabilize and make take-off and landing can be formed, and 
the field for cleaning foreign matters, such as detailed dust (contamination) to which it adhered in the slider side, can be prepared in 
the magnetic-recording medium of ramped loading. 



[Translation done.] 
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* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 



1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



EXAMPLE 



[Example] Hereafter, an example and the example of a comparison are given and said operation gestalt is explained still more 
concretely. !n addition, this invention is not limited to those examples. 

(Example 1) After carrying out precision polish of the front face of an alumino silicate glass substrate ingredient with a diameter of 
2.5 inches by which the chemical strengthening was carried out, scrub washing was carried out using pure water. Subsequently, it 
pulled up, after being immersed for 1.5 minutes, carrying out scrub etching in a 35-degree C fluoric acid water solution by 
concentration 0.1% of the weight, and after being further immersed in the pottasium hydroxide solution of pH12 for 2.5 minutes, it 
pulled up. Then, scrub washing was again carried out using pure water. This was made into the sample of an example 1. 
(Example 2) After carrying out precision polish of the front face of an alumino silicate glass substrate ingredient with a diameter of 
2.5 inches and setting Ra of the front face to 0.3-0.6nm, scrub washing was carried out using pure water. Next, after being 
immersed rocking a glass substrate for 2.5 minutes in a 50-degree C fluoric acid (HF) water solution at 0.1 % of the weight, the 
rinse was carried out by hot pure water, and the drug solution was removed. Then, soak cleaning was carried out rocking for 2.5 
minutes in the potassium-hydroxide water solution adjusted to pH12, the rinse was carried out with hot pure water and pure water 
after that, and the drug solution was removed. Next, irradiating a supersonic wave at the bath of isopropyl alcohol, soak cleaning of 
the glass substrate was carried out, and, finally it was dried for 1 minute in the isopropyl alcohol steam. 

[0060] Next, in the solution containing a potassium, the ion exchange was performed and chemical-strengthening processing was 
performed. Then, after fully washing the salt adhering to a glass substrate front face by rinsing, irradiating a supersonic wave for 30 
seconds in the potassium-hydroxide water solution adjusted to pH11. soak cleaning was carried out, and scrub washing was 
performed continuously. Next, soak cleaning was carried out, irradiating a supersonic wave for 160 seconds in the potassium- 
hydroxide water solution again adjusted to pH11. Subsequently, repeating the actuation which immerses and carries out a rinse to a 
pure-water bath several times, and irradiating a supersonic wave then at the bath of isopropyl alcohol, soak cleaning of the glass 
substrate was carried out. and, finally it was dried for 1 minute in the isopropyl alcohol steam. This was made into the sample of an 
example 2. 

(Example 3) After carrying out precision polish of the front face of an alumino silicate glass substrate ingredient with a diameter of 
2.5 inches by which the chemical strengthening was carried out. scrub washing was carried out using pure water. Next, it pulled up, 
after being immersed rocking a glass substrate for 30 minutes in a 40-degree C fluoric acid (HF) water solution at 0.03 % of the 
weight, and after being immersed for 2.5 minutes in the potassium-hydroxide water solution further adjusted to pH12, it pulled up. 
Then, scrub washing was again carried out using pure water. This was made into the sample of an example 3. 

(Example 4) After carrying out precision polish of the front face of an alumino silicate glass substrate ingredient with a diameter of 
2.5 inches by which the chemical strengthening was carried out, scrub washing was carried out using pure water. Subsequently, 
raising and after being immersed carrying out a rinse with pure water and rocking for 30 minutes in a 27-degree C fluoric acid water 
solution by concentration further 0.01% of the weight, after being immersed rocking for 2.5 minutes in a 50-degree C fluoric acid 
water solution by concentration 0.1% of the weight, and being further immersed in the pottasium hydroxide solution of pH12 for 2.5 
minutes, it pulled up. Then, scrub washing was again carried out using pure water. This was made into the sample of an example 4. 
(Example 1 of a comparison) After carrying out precision polish of the front face of an alumino silicate glass substrate ingredient 
with a diameter of 2.5 inches by which the chemical strengthening was carried out, scrub washing was carried out using pure water. 
Next, it pulled up. after being immersed rocking a glass substrate for 10 minutes in 0.01% of the weight of a fluoric acid (HF) water 
solution, and after being immersed for 2.5 minutes in the potassium-hydroxide water solution further adjusted to pH12, it pulled up. 
Then, scrub washing was again carried out using pure water. This was made into the sample of the example 1 of a comparison. 
(Example 2 of a comparison) After carrying out precision polish of the front face of an alumino silicate glass substrate ingredient 
with a diameter of 2.5 inches, scrub washing was carried out using pure water. Next, it pulled up, after being immersed rocking a 
glass substrate for 30 minutes in a 40-degree C fluoric acid (HF) water solution at 0.005 % of the weight, and after being immersed 
for 2.5 minutes in the potassium-hydroxide water solution further adjusted to pH13, it pulled up. Then, scrub washing was again 
carried out using pure water. This was made into the sample of the example 2 of a comparison. 

(Assessment of a minute irregularity configuration) The above-mentioned examples 1-4 and the examples 1-2 of a comparison It 
observes with a 10micrometerx10micro meter visual field under a scanning probe mold microscope (digital instrument company make 
and nano scope m). It asked for the asperity ratio (Z(1%)/(Z(50%)-Z (1%)}) which defined average side granularity Ra and ten-point 
average side granularity by the ratio of the asperity ratio (Rz/Ra) which is the value broken by average side granularity, and a 
bearing depth, and collected into a table 1. In addition, it had the continuous concavo-convex configuration which does not have a 
flat part substantially [ between a crevice or a projection ] isotropic [ the minute irregularity of all the measured samples ]. 
[0061] 
[A table 1] 
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As shown in a table 1, in the examples 1 and 2, each was able to produce the glass substrate with small asperity ratio (Rz/Ra) and 
asperity ratio (Z(1%)/{Z(50%)-Z (1%)]) as small [ Ra value ] as 1.0 order. Although Ra value was as small as 1.0 in the example 3, 
Rz/Ra was a little high a little as compared with 13.8 and examples 1 and 2. In addition. Z(1%)/{Z(50%)-Z (1%)} was 2.4, and was a 
little high a little as compared with examples 1 and 2. In the example 4, Ra value is a value small at 0.9, and Rz/Ra was able to 
produce 12.3 and a small glass substrate. However, although Rz/Ra was a value smaller than an example 3, Z(1%)/(Z(50%)-Z (1%)J is 
2.8, and became a big value as compared with the example 3. 

[0062] On the other hand, in the example 1 of a comparison, although Ra value was small, Rz/Ra was 32.0, Z(1%)/(Z(50%)-Z (1%)} is 
9.5, and it became quite large as compared with examples 1-4. In the example 2 of a comparison, although Ra value was small like 
the example 1 of a comparison, Rz/Ra was 17.7, and although it was a value quite smaller than the example 1 of a comparison, the 
value higher than examples 1-4 was shown. However, Z(1%)/{Z(50%)-Z (1%)} is 1.9, and the value lower than examples 3 and 4 was 
shown. 

[0063] Moreover, in the examples 1 and 2 of a comparison, it was checked that asperity exists discretely clearly also from the 
bird's-eye view of an atomic force microscope (AFM). It was shown that it is more more desirable than the above result that Ra is 
the range which is 0.4-1. Onm, and Rz/Ra is 12 or less, and Z(1%)/{Z(50%)-Z (1%)} is two or less. 

[0064] And since dispersion in the height of a projection cannot be evaluated when only Rz/Ra estimates asperity, and the asperity 
which exists discretely cannot be evaluated when Z(1%)/{Z(50%)-Z (1%)} estimates asperity conversely, it is thought effective to 
evaluate asperity by making these two into an index. 

(Assessment of the minute irregularity configuration of a magnetic-recording medium) It is sputtering to the front face of the 
substrate obtained in the example 1, the example 1 of a comparison, and the example 2 of a comparison. The (Titanium Ti)-silicon 
(Si) seed layer (25nm), the chromium (Cr)-(molybdenum Mo) substrate layer (25nm), the cobalt (CoMnickel nickel)-chromium (Cr)- 
tantalum (Ta) magnetic layer (20nm), and the carbon (C) protective layer (10nm) were formed one by one. Then, the thing of a 
perfluoro polyether system was applied as lubricant, the lubricating layer (2nm) was formed, and it considered as the magnetic- 
recording medium. 

[0065] The magnetic -recording medium formed from the glass substrate of the above-mentioned example 1, the example 1 of a 
comparison, and the example 2 of a comparison was observed by the same approach as assessment of the minute irregularity 
configuration in a glass substrate, and it asked for the asperity ratio (Rz/Ra) which is the value which broke average side 
granularity Ra and ten-point average side granularity by average side granularity, and collected into a table 2. In addition, it had the 
continuous concavo-convex configuration which does not have a flat part substantially [ between a crevice or a projection ] 
isotropic [ the minute irregularity of all the measured samples ]. 
[0066] 



[A table 2] 








ttftfBUMt* 




Ra(nm) 




Ra(nm) 






1.0 


10.0 


1.0 


10.0 




1.0 


32.0 


1.0 


30.0 




1.0 


17.7 


1.0 


17.7 



As shown in a table 2, in the example 1, the example 1 of a comparison, and the example 2 of a comparison, it was checked that the 
minute irregularity containing the asperity formed in the substrate front face remains to a lubricating layer front face almost as it is. 

(Assessment of a magnetic-recording medium) Seek operation was performed equipping the spindle of the hard disk drive unit of 
ramped loading with the magnetic-recording medium obtained as mentioned above, and making it rotate by 3600rpm, and surfacing 
the magnetic head with an acoustic emission sensor, and it acted as the monitor of the output of an acoustic emission sensor. 
[0067] In the magnetic-recording medium of an example 1. even if it performed seek operation, the output of the acoustic emission 
sensor which shows that the magnetic head and a magnetic disk collided was not accepted, and did not have the glide error of the 
magnetic head. Moreover, the glide hit was not produced, when premature start height was set as 15nm and the glide test was 
performed. Furthermore, the head crash was not produced although 100,000 times of seek operation was repeated. 
[0068] In the magnetic -recording medium of the example 1 of a comparison, when seek operation was performed, the output of an 
acoustic emission sensor was accepted. Moreover, when 100,000 times of seek operation was repeated, the head crash arose on 
the way. Also in the magnetic- re cording medium of the example 2 of a comparison, the head crash arose on the way as a result of 
the seek operation whose outputs of an acoustic emission sensor are private seals and 100,000 times like the example 1 of a 
comparison. 
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[0069] In addition, it changes as follows and this operation gestalt can also take shape. 

- All over the front face of the substrate 1 1 including a data area 1 4, the minute irregularity whose Ra is the range which is 0.4- 
3.0nm, whose Rz/Ra is 14 or less and whose Z(1%)/(Z(50%)-Z (1%))js three or less may be formed. 

[0070] Thus, when constituted, the minute irregularity which *cb%roIled generating of asperity can be formed also in fields other 
than data area 14. . y , ^ ^ J ^ * V " 

- Minute irregularity is notjimited to what is formed of scrub etching processing, but may be formed by immersion processing. 
[0071] Thus, minute irregularity can be formed also by immersion processing under predetermined conditions. Furthermore, the 
technical thought grasped from said operation gestalt is indicated below. 

[0072] - Minute irregularity whose ratio of Z (1%) to a reference value (Z(50%)-Z (1%)} the average side granularity on the front face 
of a substrate (Ra) is the range which is 0.4-1.0nm, the ratio of the ten-point average side granularity (Rz) on the front face of a 
substrate to the average side granularity on the front face of a substrate (Ra) is 12 or less, and is two or less The substrate for 
magnetic-recording media given in either of claim 1 to claims 4 formed on the surface of the substrate. 

[0073] Thus, when constituted, the configuration and granularity of minute irregularity which are formed in a substrate front face 
can be made still more suitable. - Said substrate is a substrate for magnetic-recording media according to claim 2 or 4 which is a 
glass substrate and is characterized by forming detailed irregularity by scrub etching. 

[0074] Thus, when constituted, the configuration and granularity of minute irregularity which are formed in a substrate front face 
can be controlled suitably. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] For (a), (b) is the conceptual diagram showing the substrate front face of the condition that the granularity of minute 
irregularity is coarse, and the conceptual diagram showing the substrate front face in the condition that the height of minute 
irregularity varied. 

[Drawing 2] The sectional view in 2-2 line of drawing 1 (b). 
[Drawing 3] The top view showing a magnetic-recording medium. 
[Description of Notations] 

10 — The substrate for magnetic-recording media, 11 — A substrate, 14 — Data area. 
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DRAWINGS 



[Drawing 1] 

(a) 




[Drawing 3] 
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U— y*©J8Bf«: J: o fti^tt^liPHBtt© 

3*15~ 1 0 0 nm. tS*si-2 0(tm, HPS* 1 1 ~ 
10 0 nmtDilT^i. 

[0 05 3] ;KCC. _hsB©J:5(CbTf#6*lfc#-5:*« 
<£*¥©£& 1 1 ©^ffitc. »H!W y * y >yfC«fc 

tttftj&iftRsna. arnica. Ttm±L-c&*u& 

(Cr) -*y^f> (Mo)Cl. atiilTtta 
/<*h (Co) (P t) -m (C r) 

w(Ta) os. mmmtoxtm* <c> ©jf^# 

a # y x - f-A,$k<D ©fc <fc SSft&Jf * JF$j£ LT i. 
[0054] £Lh<D J: 9 ftftftiBtttc <fctil£. #c©<fc 5 

• ISSlO^IfflSRa^O. 4 — 3. OnmT 

* o . mmma<o¥-t$3m& s < r a > tc*tr z&&mm 
© i o Aroma (Rz > ©Jt# i 4&.tv$> o . *> 
•xro^y- T^^tcfcsasnii {z (50%) -z 

d%) } (c*hr*z (i%) ©tt*«3«T"c*aa^ 
Bao^fiSofcci^e). r*^y^©fcuss'Naei 

[0055]- Sf 11 **Mtttt»-C»J«LfcC t 

tct*. sei i±{cswe.nfcfiams*is«i i#>£© 
«a®i^4sws c «tK<t a Basalt,* 

[0 056]- ««1 ItilttWTJIWi/fcCiK 

^Ut1ffi»-£C<!: *«1 l±K«*f6*l* 

[0057] • a/MHO*^- jr«W 1 4 (CgWfc C 

K5te*8*if*--*$gi£l 4©^ffilG^-rsc<!; 
*tt±-C#. ^©R*ffll/*SSU-C?f^ C£*i-ClT 

[0 058] • $mtg. 1 4 ©*gfe£«: I — 1f3£ 

©R?s«f ©«ffl^®4S6-r c t -cmtctKwai&tfiir s 

Ttt. y^£Lri8#&*Sfc»©£lS£J&l£ 

t>-C«. 5^(c«#3tifca*ffl«c^»J (=>>* 
s ) «oR«fe * y - - > y-r 5 /ctf>©«gJsg£t9: w * c 



!7) «fBJ2 00 1 - 1 262 34 
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[0 059] 

(SGttMl ) fb¥3S<bS fifties 2. 5-(>^©T^5 
^S/y*- F#^*g«^f4©f|ffi*ffigSFJgL/o«. 
K*£JBt>-c** ^afc^ofc. acur. o. ims% 

iggt?3 5*C©7 5»K*^g*K:-C^i'7^'x-?^>^ 
5^raSitU/cffe«:?|#±lf, S^KpH 
10 1 2 ©*»f b* V 9 A jSKtC 2 . 5 #ra&& LfcSB I * 

C4i*%||fll ©«»<!: I, fc. 

(XtkM2> a:s2. 5 •/>*cd7A'S 

5*S«tm©«M*fS«fF£U ^-©flM©Ra£ 
0. 3-0. 6nmiLfct. *fi**fflt»"CX^ ^gfc 
&(/fc. %CC. 0. lil%'C50-C©77fi(HF) 
2. *f?xS«*JSttl&tf&ttW 
t/fc&. a*€*-cy>*t,TSl?fc*i&£i,fc. -?•©&. 
p h i 2 KME(sfc*itft;* y •> -MqgStHJK-c 2 . 5 
20 ^SMOtoP&isatiStfru *©f£. sa*. tt*cc 

Ty>XbT3SiK ! &l!fcSl/fc. 

g^K: -( y r/n t^r^a -^m*"C l »|B«e«l 

[0 06 0] ^«C5!7yOA*$t»JgjRitiK:-C^*>35tft 

ms L-fc^Kfb* y •> A*^?g*K:r 3 o #m. 
30 /c. bsphi i ks3S l 3t*K<b* y e» A*^ 

SttHCT 1 6 0 IMB. i&tiffifcJ&Ji* b tt*J ?.aMi5fe* L 

fc. »cc»-c. tt**SKi5aL-ry>^r*l6ft*Si@i» 

^«;*— h^7^Sfi^f4©affi%fBfB5FSLfc« l 
tt*«rflil,>r^d/7^i5t#L/c. 'XiC. 0. 03SS% 
40 T4 0*C©7 y» (HF) *^*fC30^ra. 

1 2 CC^SL,ft:*K<b* y -?A*?g?ffictitCT 2 . 5»IH1 

(*JfeW4) fb^?S[bS*ifcS:S2. 5^>^©T^S 
stsVir- h^7^S^tf4©affi«:eSWELfca. 
JfoK«:ffll>-CX*7^iSfcjtb/c. ^>-C. 0. 111% 
ig&-C5 0*C©:7 ? 8*?g«4iK:-C2. 5^181. MbL 

«t**e>a»bfc«. «*{cry>^L/. 3^k:o. oi 
so Sfi%sSaf^2 7'C©7^M*^f8[*K:-c3 0»ra. « 
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^'^(HF) 7k«?S*(Cl ^/7Xlfi^ 

Z^^&tlfrLtc. :XCC % 0. 0 0 51t%-C4 0TO7 
*K (HF) *SfS«*CC3 0^ra, 3tf^XJt«*»ftL 
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*/c*Kfb^»;^A*Sffi*ccr2. 5$waia«i,ft«3f 
(mwarnvvonm) ±tmmm i -4ao f tt«« i 

^> httSL ^-/x=j->tiii ) ccc 1 0 umx i o u 

momrv mm u s w-fmn ?Ra, i o &¥&mBi 3 

^^Diffl^rai^/cfii-c^^rx^yf*^ u^t (r 

z/Ra) JSlV^TV >tf- TZfZCDttXfemLtcTX 
10 ^'Jf^l/J/* (Z (1«)/{Z (50«) - Z (1 
%) ) ) $kl<<C$±#)tc 0 fcfc. Sd^L/c^T 

[0 06 1 ] 





Ra(nm) 




2<m)/{Z(50«)- 
2(1%)) 




10 


10.0 


1.1 




t.1 


12.0 


14 




T.0 


13.6 


2,4 




0.9 


12.3 


2,8 


Jtttfll 


1.0 


32.0 


95 




IjO 


17.7 


1JB 



3U tc^Cfccfc^c, 3S56«lScX2rttl*mfeRa 
ftt*l. 0ttft£^S<. ^7^Ur^k>t(R 30 
z/Ra) RtfTX^UTW (Z ( 1%) / {Z 

(5 0%) -Z (1%)} ) *i/J\$^^XS««rfflJ 
tSCimfc. XM0l3-CBRa«|21. 0 4^3 
Ir*. Rz/Ra#13. 8&4WMl&P-2&iHRl< 
T«TK«>-C*-ofc. fln*T. Z (1%) / {Z (5 0 

%) -z (1%) } #2. 4r*98awuft#2ttt 

KltiTg^o^ 3£S6M4TW:Ra«i3&S0. 9 
r/hSftfi[T*0, Rz/Ra^l2. 3 £/h<*&# 5 

^jfe^s^o/h^^fit-c^^tc^^toer, z (i 40 

%) / {Z (5 0%) -Z (1%) } #2. 

[0 06 2] cnccjsu Jtt8MfHrt*Ra«a/hs^ 

Rz/Ra*i32. 0T*£>9. Z (1%)/{Z 
(50%) -Z (1%) } #9. 5t*^ HftPJl- 

4 ±w$Lx&tj:*)*:z < te-itc. ttmt2xmmm 

l tmU(fCRa.mWl\$^f>^ Rz/Ra#17. 7"C 

m^4£9fc^ffi£^l,;fc 0 OfrU Z (1%)/ 
{Z (50%) -Z (1%) } #1. SllfetN 50 



[0 063] ttKW 1 Rtf 2 rttiR^ia*H»tt 

(afm) OJS8SS^e>fcig6>&Hcrx^yx^^sitfc 

a#0. 4-1. OnmOffiB^t), Rz/Ra#l 
2J£tT % C*0, ^poZ (1%) / {Z (5 0%) -Z 
(1%) } *«2filTr**Ci3&JJ:0»*L^C-i^ 

[0064]^LT, Rz/RaOOTrx^'jf^ 

r#r, mkz (i%) / {z (50%) -z < 1 
%) } o^-cr^yf-f *»fflLfc»£ % (KtSEKKc? 

co2 o^rfg^i irr^^ y ^ ^ £i¥ffi-r £ c 

V*tC*-2XM&**> (Ti ) (S i ) 

FB(2 5nm), ^OA (Cr) -^';^f> (M 
o) Ti&m (2 5nm) ; n/'CjU h (Co) -~*$rX/ 
(Ni) -^DA(Cr) (Ta) fi&ffif 

(2 Onm) , (C) ( 1 Onm) 



(9) 
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vbozmmLxmmm <2nm) *bi&l. mm&m 
cooes] ±&gmm i . tmw i istx>imm2<otj 

3Ra, 1 0*^ffiffl3*^®fi3-CS»o/c<ElT?*>* 
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* ^ Vis* (Rz/Ra) f!2K:g 

[0 06 6] 
[«2] 









Ra(nm) 




Ra(nm) 






1.0 


10.0 


10 


10.0 




1.0 


32J0 


1.0 


30.0 




1J0 


17.7 


1.0 


17.7 



nadMJ«<h^^©£S:fijtjf gtM* -cgss c testis 
smmtei: ^>y'n- vimcD^ - f ^ -f * ^mmo* 20 

fcf> FiWCK»L. 3 6 0 0 r p mt?@^3-»f . $7tA 
[0067] ^S60fl 1 ©aStfBl&iimcfc^-Ctt. 

F4 1 5nmCCK5£bTi> r ^ Kf^h^fofeic 
6. Ft * MJ£0&a>-3fc. 36tc> 107511 

OZs-tmft&i*') JELfc^ ^vh^75 ^3. «£C 30 g, 

[0068] Jt8*0J 1 CD®5UBS*igitfC*il>-C«. 

1 oTmou-ifWi^im^^vftm^. &<px^? f 

«>itl&0U «!:S«K:AEH2>-!f-©W^*SsSa)e». 1 07j 

[0069] ttfc, **S6JKSI«. i£©J: 5 tcgEMLX 
MWb-rSC<t*.oJS6-C*S. 40 
• f-itffi&l 4£St*S&l l©*B©£fflK:. R 
a#0. 4~3. 0nm(!)iet$>). Rz/Ra^l 
4JWT"C*»). *>-?Z ( 1%) / (Z (50%) -Z 
(1%) ) #3«Tr**J^[S]a£^Lrfc«n». 
[0 07 0] C©<fc^tc«fiS;L/ft:»^. f-f^U 
feU1-©^{C4a^-Cfc. T^y^wO^tttHWl/fc 

[007 1 ] c©J;-5«:, ^©^ttTTWSiR&gfc: so 



mm. 

[0 07 2]- *««M©¥*3M&i* <Ra) #0. 
4~1. 0nm(Dilt«>9. ««^ffi©-sp*3ffiffi3 
(Ra) tC*tT*g«S®©l 0*¥i§®flS (Rz) 
©ifc*tl 2«TT*0. (Z (5 0%) -Z ( 1 

%) } K^-raZ (1%) ©lt#2J«T^*£»/HHCi 
«r««©^S«:^0fcff^ l tmn&iM4r<D\,>?in 

[0 073] C©«fc 5 (C^OfcJ^. &C^j£ 

s n 4es/Mao©^tt-^ia s * s e. &c»j£ft <b© i -r * 
i -r zn&m 2 xwnufcii 4 K:iaig©!emiBSiW6H*ffls 



[0 074] C©J: 5 CCflttSLfc*^. S«*ffitC)gfiS 
[0 07 5] 

«. *©<fc5&S&m*St-r*. W^l 1 Ki31£©#SlE© 

[0076] »*S2 Km^ftwcomsiMmwmm 
«{c^n«. »*^i(cga«s©»^©a*{ctin^T. s 

5. g8*313tcl2K©^©fiaaia»«ftfflS«K:j:n 
18*311 tcffi«g©^©38!)*K:»DjE.T. 

[0077] ^^54 tC|g|g©#6^©iaSvaflS«ftffl« 
«tcj:n«. it*^l*»6fS^3©t>-rti^CCietS© 



17 

wzm-rmsm. <b> itwm&omzmxb-mtc 



(10) M200 1 - 1 26234 
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* IM2] mi (b) ©2-2i^CC*iW5BfE0„ 

[03] fiBmiei!y®{*:&^-f 



can 



(a) 




CH2] 



[13] 




